Abstract -The Open Source Software Development (OSSD) is a movement, challenges many traditional and commercial theories of software development. A group of developers, programmers, and other community members develop the Open Source Software (OSS) in a collaborative manner. Community and contributors provide great support to make the source code of the software easily understandable and modifiable. However, there are insignificant such standard model or methodologies for OSSD has yet been established. Currently, researchers are proposing methodologies in this area. This paper proposes a new model, OScrum by modifying the scrum to make it applicable for OSSD. The proposed model has been constructed after analyzing the key metrics, pillars, and values of Scrum and OSSD. The model has been evaluated through comparing implementation process and working procedure of OSSD. The result shows that the implementation process of OSCRUM has a very close relationship with the process of OSSD and therefore, it fits well in such software development.
INTRODUCTION
Open Source Software Development has become rapidly growing and widely preferable term in the field of software development. Open Source Software has become much popular among developers, organizations etc. There are various kinds of places on the web in which Open Source Software has hosted such as Source Forge, GitHub [1, 2] , Google Code [3] , Bitbucket [4] etc. Some of those platforms have the power of version control management. From all of those platforms, SourceForge [5] , was one of the first platforms which offer to host projects for free to Open Source projects. According to the official report of Sourceforge, they claimed to host millions of registered users and host over 500,000 projects and also connects more than 30 million users per month to their directory. All of the Open Source projects and serves which are hosted on SourceForge has more than 4 million downloads per day [6] . But now, many users have migrated their projects to GitHub because of extra facilities. Open Source Software Development create a community which has huge interaction and intercommunication among the world's top developers and also various kinds of users. That's why Open Source Software has a large number of testers, developers, contributors also. On the other hand, Scrum also plays a vital role as an agile approach in the field of traditional software development. Scrum has greater acceptance in software development industry and it is also rapidly growing and widely used software development framework. In recent a research claimed that the most adopted agile approach in the software development industry is Scrum [7, 8] .Scrum was originally designed for use in small team members of whose are collocated, face-to-face working [9, 10] . Open Source Software [11] is developed with multiple teams or contributors distributed to several geographical locations. During the adoption of the scrum in the field of Open Source Software Development [12, 13] there are much more similarities found between the process of Open Source Software Development and the Scrum. Some conflicts also happen with the time-boxed concept of Scrum and some other issues. This study proposes a scrum based model for open source software development after identifying and comparing the similar and dissimilar metrics or terms of Scrum and Open Source Software Development. This paper is organized into six sections. Introduction and proposed model generation are discussed in section I and II respectively, a comparison between scrum and OSSD are explained in section III. Proposed model of this research is discussed in section IV where OScrum model has been described. Implementation process and evaluation of proposed model are presented in section V. The paper is concluded with the outcome of the study, limitation, and future work in section VI.
II. GENERATION OF PROPOSED MODEL
To construct the proposed model, the key metrics of open source and scrum have been identified. The similarities and conflicts between Scrum and OSSD have also compared in 
A. Open Source Software Development
Open Source Software Development (OSSD) has been successfully implemented and has received huge attention in the last decade. OSSD not only throws a challenge but also threatens to develop the software faster, better and cheaper than the traditional software development [14, 15] . The term Open source is not only just limited to the access to the source code, but also follows some criteria. A software will be termed as an open source software if it complies with the criteria of Open Source Definition (OSD), provided by the Open Source Initiative (OSI) which derived from the Debian Free Software Guidelines (DFSG) [16, 17] .
The criterion or the conditions of Open Source Definition outlined in Table I [18] . The license distribution of the software or projects should not be product specific also not restricted to the other software which is distributed along with the licensed software. The license must not force to all other programs or software or projects which is distributed on the same medium must be open source software. The license must not be any specific technology oriented
The license must not apply any limitation on any particular technology or any styles, it should be technology independent or technology neutral.
B. Pillars of Open Source
From above study, the pillars of Open Source Software has derived as outlined in Table II . To maintain a versioning for every milestone of releases.
C. Scrum
Scrum is not just a definitive method or technique but a framework in which various techniques and processes can be applied. Scrum helps to achieve a clear view of the relative efficacy of various techniques and product management [19] . It is a framework which consists of roles, events, artifacts, and the rules that bind them together. Scrum is an iterative and incremental process for developing any software. Scrum concentrates on how the team members should act in a constantly changing environment in order to build the system flexibility. Scrum helps to make a real-time decision based on actual events and information. This requires teams which are well-trained, specialized, and capable of selfmanagement, communication, and decision-making [20] . Key metrics of Scrum practices are outlined in Table III   TABLE III 
D. Scrum Theory and Scrum Values
According to the founder's guides of the scrum, Scrum is founded based on empiricism or empirical process or industrial [21] control theory. Empiricism possess the knowledge comes from experience and based on the known knowledge makes decisions. Scrum ensure an incremental and iterative approach to optimize the ability to predict and control the risk. For the implementation of empirical process control, there are three pillars [22] , [23] exist transparency, inspection, and adaptation (See the above Fig.1 ).
The pillars of scrum come to life and build trust for everyone when the values of commitment, courage, focus, openness, and respect are lived by the Scrum Team. The team members learn and explore those values as they work with the Scrum roles, events, and artifacts.
Successful use of Scrum depends on teams becoming more proficient to the line in five values. 
III. COMPARISON BETWEEN SCRUM AND OPEN SOURCE SOFTWARE DEVELOPMENT
A study expressed Scrum as an "Agile based software development process design or develop to add strength, attention, evidence, visually, and transparency to development teams during developing the software systems" [24] . The Scrum processes follow the agile approach principles. The principles of Agile approach mainly focus on: ensure customer satisfaction through early delivery of the software, changing requirements are welcome, the developer and customer collaboration, release working software after every milestone as a customer can visualize and measure the progress, simplicity, making the development teams more effective during the development [25] . An analysis found that at least partially agile principles are present in open source projects [26] . He considers the main principles of agile and open source development like highly skilled individuals in a self-organizing development team, continuously changing environment based on feedback or review, frequently release a working version of software, integration, and collaboration etc. There is a comparative study of similarities and conflicting issues or terms during applying scrum in OSSD. Considering the key metrics, pillars and values of the scrum from scrum guides provided by scrum founders and the key metrics, pillars and values of open source software development gathered from Open Source Initiative and from Raymond's description [27] , the similarities and conflicting issues are compared.
A. Similarities
The terms "Scrum" and "Open Source" are based on a similar set of pillars and values or principles such as openness, early and often, transparency, collaboration etc. Scrum has a milestone of sprints which also exist in Open Source Development as a milestone of versions. Scrum has a small team of Open Source core contributors or core developers. Scrum team and contributors of Open Source project both are self-managing. The key similarities are as outlined in Table IV . 
Sprint Length Sprint Length
Sprint length is time bounded usually 2-4 weeks.
Sprint length is not fixed.
Sprint Retrospective Sprint Retrospective
A meeting with the product owner, scrum master, developer team and management about the previous sprint Same. A meeting which performs by main maintainer and corecontributor about the decision of developed features of the previous sprint
Product Owner Main Maintainer and CoreContributor
A responsible person for the product backlog
Basically, this role is filled by main maintainer and corecontributor.
Scrum Master Main Maintainer
The responsible person for tracking daily update
This role is performed by the main maintainer
Scrum Team Core-Contributors and ExtendedContributors
Developers team Core-contributor and Extendedcontributor including the main maintainer
Stake-holders Community
Stake-holders are targeted users or consumers who are not directly involved but support the development process
Open to all

Story Story
Describes the features of the software.
Same.
Sprint burndown chart Sprint burndown chart
Progress chart of the sprint. Same.
Sprint Backlog Sprint Feature Backlog
The features which will be done in a sprint committed by scrum team
Same. But sometimes it may update if new contributions are accepted by main maintainer or core-contributors.
Daily Meeting Daily Meeting
Short meeting about the daily progress of the development May happen or not. But it should happen for commercial Open Source projects.
Sprint Review Sprint Review
It is basically performed by stakeholders including product owner for accepting the completed features. In figure 3 A, B, C, D are an assumption of product features which are defined as product features backlog in OScrum. For selected features for one sprint will repeat in a loop. A sequence of sprints including fix and acceptance testing and also sprint review after each sprint retrospective in which stakeholders or consumers are including for feedback that happens after the end of the Sprint. The flexibility of changing requirements during development is also including. After one sprint completed there is an option for next sprint planning meeting.
It represents Main Maintainer and core contributors as a product owner and sometimes users also can be the part of product owned as user satisfaction is a primary priority here. The main Maintainer will also act as a scrum master.
V. IMPLEMENTATION PROCESS AND EVALUATION OF PROPOSED MODEL
Evaluation of the proposed model of OSSD has been conducted after comparing the implementation process of OSCRUM and the OSSD process. The process is a continuous process which continued iteratively .
Similar
It is observed from the Table VII that the implementation process of OSCRUM has much more similarity with the open source software development process. Therefore, Oscrum has better perfection in Open Source Development.
VI. CONCLUSION
Scrum and Open Source Development have been broadly debated and find out the similarities and conflicts based on key metrics, main pillars and key values of both. It was found from the study that maximum conflicts occur with time boxed concept of scrum, specified stakeholders, individual product owner and some rules of scrum. At the same time, similarities among two have also been found such as the characteristics of developer team (i.e. highly skilled, self-managing, cross-functional), acceptance of feedback within a short loop, frequently release the working version, integration and collaboration, customer engagement and so on. As this paper represents a broad comparative study the similarities and conflicts between Scrum and Open Source Software Development and proposed a scrum based model OScrum. This research is a continuous process, the future research will implement OScrum on OSSD life cycle.
